Resumen
I
nvasive cervical cancer is one of the most common cancers among women from developing countries. 1 Incidence rates vary from 10 cases per 100 000 women per year in many industrialized nations, to more than 40 per 100 000 in some developing countries. 2 In Mexico, invasive cervical cancer is the most common cancer among women. 3 It is now well known that HPV infection plays a key role in cervical carcinogenesis. Some epidemiological and molecular studies report a worldwide HPV prevalence in cervical carcinoma of more than 95%. 4 Various types of HPV are associated with 90% to 100% of cervical cancers worldwide, and HPV 16 is detected in about 50% of them. 5 HPV infection is a very common sexually transmitted disease among young women and it has been estimated that at least 50% of sexually active adults have had a genital HPV infection, but most infections are transient and resolve spontaneously in 6 to 24 months. 6, 7 Only a small percentage of HPV infections will lead to precursor cervical lesions and only those that persist long-term pose a risk for the development of cancer. 6 HPV 16 is the most common type in SCC, but also in premalignant lesions 8 such as HSIL, which are characterized by an increased mitotic rate, atypical mitotic figures and marked atypical nucleus in both superficial and basal epithelium. 9 Nucleolar organizer regions (NORs) are loops of DNA that encode ribosomal RNA. DNA transcription and ribosomal RNA synthesis take place at these sites. Argyrophilic proteins associated with NORs are selectively identified by a silver colloid staining technique and visualized as dark, intranuclear dots under the optical microscope. 10 Many authors have reported that the number of variations in argyrophilic nucleolar organizer regions (Ag NORs) reflects with some reliability the proliferative activity. [11] [12] [13] It has also been shown that high AgNOR count, 14 S-phase fraction and aneuploid DNA have prognostic significance in the early detection of cervical cancer. 15 However, at present it has also been described that the increase in polymorphism of AgNORs in cervical biopsies could be used as a possible marker for histopathological diagnosis. 16, 17 Furthermore, only a few reports have been published concerning the variability of AgNORs in cervical cytology in women with cervical neoplastic damage, suggesting that polymorphism of AgNORs may be related to neoplastic development. Four AgNORs shapes have been quantified by Cortes-Gutierrez, et al 18 for four groups of women with different grades of cervical neoplasm showing a progressive increase of atypical polymorphism in patients with HSIL and invasive carcinoma with respect to LSIL. The objective of the present work was to evaluate AgNORs polymorphism in LSIL, HSIL and SCC with HPV infection.
Material and Methods
We carried out a comparative study on sixty women from the state of Guerrero, Mexico, who were referred to the colposcopy service at the Dr. Arturo Beltran State Cancerology Institute between January and June of 2002. Women of all ages were included who had a diagnosis of SIL or SCC without previous treatment for these alterations and women with normal cytology and HPV negative. Insufficient samples were excluded as well as those that did not correspond to the squamocolumnar transformation zone. Fifteen of those presented LSIL, another 15 HSIL, 15 SCC and 15 were used as a control group with normal cytological. All groups included sexually active women of diverse ages without hysterectomies. The subjects received written and oral information before they gave their consent to participate. The study was performed in accordance with the Declaration of Helsinki and approved by the Ethics Committee of the University of Guerrero.
Specimen collection. Tissue samples were taken from colposcopically abnormal areas. Two fragments of tissue were taken; one was placed on 10% buffered neutral formol solution as a fixing agent for its later processing by the histological technique. The pathologist read the biopsy sections. The other tissue fragment was collected in a sterile eppendorff tube and placed quickly on dry ice for its further HPV detection and typing. The cytological material from the control group was collected from the ectocervix with an Ayre spatula and from the endocervix with a cytobrush, making sure that tissue from the transformation zone was taken. Smears were used for cytomorphological examination using conventional Papanicolaou. With the same brush, a second sample from the same region was taken and placed on 750 µl of extraction solution (Tris 10 mM, pH 8.0, EDTA 20 mM, pH 8.0, SDS 0.5 %). For HPV detection, cytobrushes with cervical scrapes were placed in lysis buffer (10 mM Tris pH 8.0, 20 mM EDTA pH 8.0 and 0.5% sodium dodecyl sulfate), were removed after taking out cervical material and stored at -20°C until analysis. Hematoxylin and eosin stain. Biopsies were processed by paraffin-embedded histological technique and three µm tissue sections were obtained; one of those was hematoxylin-eosin stained in order to do LSIL, HSIL and SCC diagnosis, and also to search for cytomorphological data of the HPV infection. The diagnosis was completed according to the Bethesda System classification. HPV detection and typing. DNA was extracted according to the standard SDS-proteinase K-phenol-chloroform method. DNA samples were tested by the MY09/11 PCR protocol. 19 The consensus primers MY09 and MY11 tar- . DNA was amplified in a GeneAmp PCR System 2400 (Applied Biosystems, Foster City, CA) with the following steps: a 10-min initial denaturation step at 95°C, followed by 40 cycles of 95°C for 1 min, 58°C for 1 min, 72°C for 1 min, and a final extension at 72°C for 10 min. Integrity of DNA specimens was verified by amplification of a 268-bp region of the human β-globin gene using PC04 and GH20 primers. For HPV typing, amplified PCR products were digested with restriction enzymes BamHI, DdeI, HaeIII, HinfI, PstI, RsaI and Sau3AI and restriction fragment length polymorphism (RFLP) analyses were performed to identify more than 40 genital HPV types.
Silver-binding Argyrophilic Nucleolar Organized Regions (AgNORs).
One tissue section was subjected to argentic impregnation with silver nitrate according to the procedure proposed by Ploton et al 20 in 1986, counting the number and shape of the nucleolus under the optical microscope using 10x, 40x and 100x objectives in order to score the AgNORs. A lung adenocarcinoma section was used as a positive control. The same tissue was used as negative control without the addition of silver nitrate. The AgNORs were viewed as black dots in the nucleus. The number and polymorphism of AgNORs were counted in 100 cells for each slide with LSIL and HSIL (including the basal, parabasal and intermediate cell layers of the squamous epithelium), in pleomorphic cells from tumoral nests of SCC, in endocervical squamous metaplasia and in parabasal and cylindrical cells of cytological smears with reactive cellular changes associated with inflammation (Egan et al 10 and Croker et al 12 ). The polymorphism of AgNORs was scored and classified according to its typical or atypical shape as shown in Figure 1 . Typical shape was considered with spherical structure (A), atypical shapes are large (B), kidney-shaped (C) or clustered (D) structures as proposed by Cortes-Gutierrez et al. 18 Statistical analysis. Data of the participants are reported as medians and interquartile ranges or percentages. Kruskall-Wallis test was used to assess the differences between median values for AgNORs polymorphism and the groups. Differences between the groups were measured using ANOVA with Bonferroni post test. The assessment of relationship between AgNORs polymorphism and health status was carried out through multiple linear regression model adjusted by age and HPV infection. Statistical analysis was performed using STATA software (V.9). P values < 0.05 were reported statistically significant.
Results

Histopathological study
The patients' ages varied between 19 and 89 years with 33 being the median age for patients with LSIL, 38 for those with HSIL and 59 years for the SCC. The 15 LSIL cases included NIC 1 with pathognomonic koilocytes present in the superficial layer of the epithelium; the 15 HSIL presented koilocytes in parabasal and intermediate cell layers in NIC 2 and also included the superficial layer for NIC 3. In contrast, the 15 SCC did not present koilocytes but were characterized by stroma invasion, tumoral nests, pleomorphism and nuclear hipercromasy. The control group had an average age of 38 years and the diagnosis was cytologies with reactive cellular changes associated with inflammation. In those samples no HPV DNA could be found by PCR.
HPV detection and typing
HPV infection was present in all SIL and SCC cases and none was found in normal cytology. In the 15 cases of LSIL the following HPV types in order of frequency were found: 16, 45, 52 and 69; a multiple infection and seven cases could not be described. With respect to the 15 HSIL, the HPV types found were: 31, 16, 18, 33, 35, 52, 58 and 3 non-characterized cases. Of the 15 SCC, the HPV types found in order of frequency were: 16, 18, 31 (table I) .
AgNORs polymorphisms
The spherical AgNORs shape was the most frequent for normal cytology, LSIL and HSIL groups, and the large shape was the least frequent for all of them, although in the spherical form there was a decrease in median value, with an increase of malignancy to 80 in the LSIL group, 60 in the HSIL group, and 27 in SCC. There was a median increase for the large AgNORs of 2 to 11, kidney shaped of 20 to 36 and clustered of 3 to 25 structures from LSIL to SCC (p<0.001). On the other hand, the median obtained for all atypical AgNORs groups increased to 27 in LSIL, 41 in HSIL and 73 in SCC. When making group-to-group comparisons of mean increases in atypical forms, to evaluate in which group these increases were larger, all the comparisons have a p-value <0.001 showing, as mentioned before, that as the lesion progresses the atypical forms increase significantly (table II) .
To compare the viral types with the different forms of the AgNORs, they were stratified into HPVs 16, 18 and others; the results show significant differences declines along with age. 22 In this study, the cases with HPV infection were found in women from ages 19 for the LSIL to 63 years for HSIL, while the age range for the SCC figured between 35 to 89 years.
HPV DNA was detected in all cases included in this study which confirms what has already been proposed by other researchers, the fact that HPV DNA has been detected in more than 95% of the SIL and SCC. 4 In 75.6% of all analyzed cases, it was possible to determine the HPV types present; all HPV types found were high-risk. HPV types 16, 31 and 18, followed by 45, 52, 58, 33, 35 and 69 were the most frequently detected. This is very relevant because most of them correspond to the seven most frequently reported HPV types in cervical carcinoma.
We also found that the frequency of HPV types is not the same in premalignant lesions and SCC. For LSIL, HPV 16 was the most common type found, followed by HPV type 45 and multiple HPV infection, considered by some researchers as associated with HSIL 23, 24 and adenosquamous carcinoma. 25 In seven of these cases, viral DNA was found but no characterization was possible. In five of these cases the presence of scarce koilocytes was found by histological analysis which implies the fact that the tissue processed by PCR did not possess enough viral DNA for its amplification. In the HSIL, HPV types 31, 16 and 18, in that order, were the most frequently found. Interestingly for this group, HPV 31 was the most commonly detected type, even more than HPV 16, although this viral type is frequently found in the American population 26 and is included in the high-risk HPV types associated with cervical carcinoma etiology  (notably 16, 18, 31 and 45) . [26] [27] [28] The prevalence of the viral types varies according to the geographic region and detection of the high-risk types in premalignant lesions suggest that a more accurate control and following of these patients should be made.
In relation to SCC cases, HPV type 16 was the most frequently found, followed by type 18. These results are in accordance with those reported by other studies that show that HPV 16 is the most frequently found in SCC, with 50% of the cases being positive, which is higher than values reported by other studies, although the number of cases in this study is small. In another study done in the state of Guerrero, Mexico by Illades et. al, 29 they found that 97.7% of SCC were related to HPV infection, where 51% of those presented HPV type 16 and the most frequently found types were 16, 18, 31 and 33. It has to be noted that in Mexico, the prevalence of HPV infection studies are scarce and they all report HPV 16 as being the most frequently found. 30, 31 Different researchers have described the use of the AgNORs technique to determine the proliferative activity in several pathologies and it is considered that the quantity and polymorphism of AgNORs dots are related with this activity; [32] [33] [34] thus, its determination has been widely used in the study of both premalignant 14, [35] [36] [37] [38] and malignant uterine cervix lesions. [32] [33] [34] [35] Unfortunately, there are few studies that relate this parameter not only with the presence of HPV 10, 32, 38 but with the viral types. Our results showed a progressive increase in atypical AgNORs according to neoplastic development. Atypical polymorphism showed a significant increase in patients with LSIL, HSIL and SCC. This increase may be explained by the relationship between morphological changes in the AgNORs and high transcriptional activity due to proliferative potential, increased activity of rRNA genes, ploidy and aneuploid DNA 15, 39 or infection of the cells with HPV. 40 In this work, all samples were infected with high-risk HPV types. On the other hand, we counted the number and polymorphism of AgNORs and this polymorphism provides us with information about the behavior of the cell. In this study, the high number of large, kidney shaped and clustered AgNORs observed in women with LSIL, HSIL and SCC was associated with malignant transformation probably due to HPV infection. The results presented here show that as the severity of the histopathological lesion progresses, the number and polymorphism of AgNORs increases and the highest number was found in SCC cases. These data are similar to and corroborate those found by Egan et al, in 1988 10 and Prathiba et al, in 1995, 38 who also reported significant differences in the AgNORs counts and the premalignant and malignant lesions in uterine cervix.
The AgNORs are a cellular proliferative activity marker useful in the evaluation of hard-to-diagnose lesions, mainly in those that have a borderline behavior. However, to distinguish the differences between low and high grade lesions, the pathologist has to have a careful control of the colloidal silver stain and the histological technique; it is known that it is necessary to repeat the staining various times due to the high risk of silver precipitation, as well as making sure that the histological cuts are three microns thick, otherwise the clarity and ease of counting of the AgNORs polymorphism is compromised. Additionally, in previous works HPV infection has only been related to the AgNORs quantity and the lesion degree, but it has not been related to viral types since only koilocyte presence has been taken as a parameter of viral infection. In this study, when comparing HPV types 16 and 18 with other high-risk viral types with different forms of AgNORs, significant differences were found, indicating that during the progression of the lesion HPV induces a progressive increase in cellular proliferation. On the other hand, there were no important differences when making these same comparisons between the groups of women studied, which shows that the presence of atypical AgNORs shapes are a product of cellular alterations that are clearly related to not only the viral integrations into the infected cell's DNA but also to the progression of the lesion and the strong relationship that exists between viral types 16 and 18 and cancer of squamous cells, recognized as highly aggressive types.
Our results suggest that a compound study of viral parameters, such as the viral type along with cellular proliferation markers such as the polymorphism of AgNORs can be useful as prognosis factors to estimate the progression of premalignant lesions to SCC.
